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1 1977Conditions Scenario

The simulation period was limited to April 1, 1977 to October31, 1977. The heatexchange
componenbf MASS1wasrecalibratedor this periodandthe conditionslisted belov. Simulated
temperaturesverecomparedo obseredat severallocations.Tablel summarizeshe comparison
for the period. Severalfiguresfollow shaving graphicalcomparisons.

This simulationwasperformedusingthe following conditions:

e Obsened1977flows for modelboundaries:

— ColumbiaRiver at GrandCoulee(hourly),

— Snale River at Anatone(daily),

— North Fork ClearnaterRiver at Dworshak(hourly),and
— ClearvaterRiver at Orofino (daily)

e Obsened1977flows atall gagedributaries;

e Constanprojectforebaystagegnormalpool elevation);

e Obsened1977daily watertemperatureat GrandCoulee;

e Obsenred1977daily watertemperatureat Anatone;

e DworshakandOrofinotemperaturesetto thatobseredat Spalding;

e Watertemperatureattributariesweresetto obsened1977daily valueswhenavailable,long
termmonthly averagesvhenobseneddatanot available;

e Gaslevelswereassumedo be 100%saturatedn the GrandCouleeandDworshakforebays,
andatall tributaries;

e At all projects,spill wasassumedo occuronly if the powerhousecapacitywasexceeded;
and

e Meteorologydatawasusedfrom thefollowing stationgseeFigures130and131):

— PranghorrAirport, Wenatchee,
— HanfordMeteorologicalStation,and
— PortlandinternationalAirport.

1Theapplicationof this rule resultedn zerospill atall projectsfor the entireseason.
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Tablel: Statisticalcomparisorof simulatedandobseredtempera-
turesfrom April throughSeptembe(RMS andAME units
aredegreesCelsius)

N | R?| Bias| RMS| AME

LMN ScrollCase| 128| 0.89| -0.36| 1.52| 1.17

LGS ScrollCase| 124| 0.89| -0.30| 1.49| 1.18

IHR ScrollCase| 200 | 0.94| -0.17| 1.31| 1.02

RIS ScrollCase| 212 | 0.98| -0.30| 0.59| 0.49

MCN ScrollCase| 151 | 0.97| -0.94| 1.26| 1.06

BON ScrollCase| 85| 0.97|-1.25| 1.56| 1.35
Snale R. @ Burbank| 210| 0.95| -0.33| 1.27| 0.95
ColumbiaR. @ VernitaBridge | 214 | 0.98 | -0.29| 0.62| 0.51
ColumbiaR. @ Richland| 214 | 0.98 | -0.57| 0.82| 0.68
ColumbiaR. @ Umatilla | 201 | 0.98| -0.47| 0.77| 0.62
ColumbiaR. @ Warrendale| 214 | 0.98| -0.37| 1.26| 0.95
ColumbiaR. @ Vancouwer | 191 | 0.97| -0.69| 1.46| 1.10
ColumbiaR. @ Kalama| 214 | 0.98| -0.75| 1.28| 1.01




Columbia River @ Grand Coulee
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Figurel: Flow andtemperaturdoundaryconditionsat GrandCouleedam.
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Clearwater River @ Orofino
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Figure3: 1977 ClearwaterRiver flow andtemperaturdoundaryconditionsat Orofino. Tempera-
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NF Clearwater River @ Dworshak
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Figure4: 1977 North Fork ClearwaterRiver flow andtemperaturdoundaryconditionsat Dwor-
shakdam. Temperaturés takenfrom the Spauldinggagedownstream.
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Figure5: Comparisorof simulatedtemperatur@andobsenredscroll
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Simulated Temperature, C
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Figure6: Comparisorof simulatedtemperatur@andobsenredscroll
casetemperaturginstantaneousat Lower Monumental

dam.
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Simulated Temperature, C
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Figure7: Comparisorof simulatedtemperatur@andobsenredscroll
casetemperaturéinstantaneousjt lce Harbordam.
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Water Temperature, C

Rock Island Scroll Case
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Figure8: Comparisorof simulatedtemperatur@andobsenredscroll
casetemperaturéinstantaneousgt RockIslanddam.
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Simulated Temperature, C
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Figure9: Comparisorof simulatedtemperatur@andobsenredscroll
casetemperaturginstantaneousgt McNary dam.
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Simulated Temperature, C
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Figure10: Comparisonof simulatedtemperatureobsened scroll
casetemperaturéinstantaneousjt Bonneville dam.
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Simulated Temperature, C
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Figurell: Comparisonof simulated and obsered daily mean
ColumbiaRivertemperaturatthe USGSgagenearVan-

couer, Washington.
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2 T7H/94M Scenario

Thisscenarids thesameasthe 1977conditionsscenariogxceptthat1994weatheyfrom thesame
stations(WenatcheeHanford, Portland) wasused. This meanghatthe samewatertemperatures
wereusedattheboundariegGrandCouleeandClearwaterandSnale Rivers).

3 77H/94M/DWR10 Scenario

Simulationof this scenariovasthe sameasthe 77H/94M Scenariowith the following modifica-
tions:

e Dworshakdischage was increasedo 10.0 kcfs from July 1 to SeptembeB0, with 1977
flows for remaindeiof theseason;

e Dworshakkemperatureluringthatperiodwasassumedo be8.89C (48°F) July 1 to Septem-
ber 30, with temperaturethe sameasthe 1994 WeatherScenaridfor the remainderof the
season;

e Clearvatermainstemtemperatureluring the July 1 to SeptembeB0 wereestimatediusing
themethoddescribedn AppendixA; and

e Flow is augmentedn the Columbiain orderto maintainflows at PriestRapidsabove 65
kcfs.

Figure13 compareshe ClearvaterRiver boundaryconditionsusedin the 77H/94M/DWR10sce-
narioto thoseusedin the 77H/94M scenario.Whenthe PriestRapidsdischage (in the 77H/94M
scenario)droppedbelon 65 kcfs, the amountrequiredto bring it to 65 kcfs waslagged6 hours
(theapproximatewvave travel time from GrandCouleeto PriestRapids)andaddedto the original
(1977)GrandCouleedischage. Figure14 compareshe dischage usedat GrandCouleewith the
77H/94Mscenarioandalsoshons theresultchangdan flow at PriestRapids.In generalthis aug-
mentationhadthe desiredeffect — PriestRapidsminimum flows wereraised,but minimum flows
werecloserto 60 kcfsthan65 kcfs. Thisis probablybecausehe wave travel time betweenGrand
Couleewasnotprecisely6 hours.Any augmentatiomlonein this fashionin goingto beimprecise.

4 T7TH/94M/DWR1 Scenario

This senariodiffers from the basescenario(77H/94M, Section2) in two ways: (1) dischage at
GrandCouleeis manipulatedn an attemptto meetminimum flow targetsat PriestRapids,and
(2) Dworshakdischage andtemperatureés manipulated.Figures15 and 16 show differencesn
boundaryconditions from the 77H/94M scenariousedat DworshakGrandCoulee.

For this scenariothe obsered, hourly 1977 flows at GrandCouleewere modifiedin an attempt
to meeta targetminimum flow at PriestRapids. This tarmgetvariedthroughthe simulatedseason,

16
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Figurel4: Altered flow boundaryconditionsat Grand Couleeand
comparisorof resultingflow at PriestRapids.
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asshavn in Table2. To producethe taget minimum flow at PRD, the flow at Grand Coulee
was not allowed to go belown the PriestRapidstarget minimum less5 kcfs. This was a rough
approximatiorto accountfor tributaryinflow anddischage wave attenuationbut seemedo have
thedesiredeffect,asshovn in Figure16.

Table2: PriestRapidstargetminimumflows andGrandCouleemin-
imum flows usedin the 77H/94M/DWR1 Scenatrio.
PRD Target GCL

Start End Minimum Minimum

Date Date  Flow (kcfs) Flow (kcfs)
0lJan 07 May 65.0 60.0
08May 08May 60.0 55.0
09May 09May 55.0 50.0
10May 10May 50.0 45.0
11May 11May 45,0 40.0
12May 31Dec 36.0 310

19
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Figurel6: Altered flow boundaryconditionsat Grand Couleeand
comparisonof resulting flow at Priest Rapidsin the
77H/94M/DWR1 scenario.
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5 ScenarioTemperature Comparisons
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Figure21: Scattemplot comparisonpy month,of simulatedtemper
atureatthe CHQW Fixed Monitor.
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Figure24: Scattemplot comparisonpy month,of simulatedtemper
atureatthe WEL Forebay
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Figure27: Scattemplot comparisonpy month,of simulatedtemper
atureatthe WELW Fixed Monitor.
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Figure30: Scattemplot comparisonpy month,of simulatedtemper
atureatthe RRH Forebay
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Figure33: Scattemplot comparisonpy month,of simulatedtemper
atureatthe RRDW FixedMonitor.
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Figure36: Scattemplot comparisonpy month,of simulatedtemper
atureatthe RIS Forebay
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Figure39: Scattemplot comparisonpy month,of simulatedtemper
atureatthe RIGW Fixed Monitor.
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Figure40: Cumulatve frequeng distribution (CFD) plot compari-
son, by month, of simulatedtemperatureat the RIGW

Fixed Monitor.

46




Aegaloq4 Ny ay@ineladwapalenwis jaiostedwodsalias swl] :TioinbiH

““““ OLBUdIS OTIMA/NYE/HLL

OLBUSIS THMA/WY6/HLL OleUSdS INY6/HLL

1161 1161 1161 1161 1161 1161 1161
T0-0T 10-60 10-80 10-20 10-90 10-50 1070
1-
T T T T T T
3 1so0- g
[(=]
@
?
o
2
12
&
0 2
(0]
N
o
[=X
@
«Q
@
[v]
12
= 450 O
T
““““ 0LBUSIS THMA/WYE/HLL 0LBUSIS OTUMA/WYE/HLL UBUSIS 0THMA/WYE/HLL
OLIeUddS THMA/WYE/HLL ——— 0LeUBDS NY6/HLL
1161 1161 1161 1161 1161 1161 1161
T0-0T 10-60 10-80 10-20 10-90 10-50 1070 1161 1161 1161 1161 1161 1161 1161
T T T T T T € T0-0T 10-60 T0-80 T0-L0 10-90 10-50 1070
0
T T T T T T
L 12
L 11

o

T
I
—

T
I
~N

2 ‘®31LIL3ISVE® wouy ainyesadwa | wnwixey Ajreq ur abueyd

€ Se

alnjesadwaAegaloq NV

a7

D ‘ainyesadwa| JareA\ pareINWIS



Simulated Temperature, C Simulated Temperature, C

Simulated Temperature, C

25

20

15

10

25

20

15

10

25

20

15

10

WAN ForebayTemperature

May June
— wn
<
o
)
u 5 g4
o
3
Q
5
u [
o
Q
k<]
S
u 5 S
+ 77H/94M/DWR10 Scenario|
+ 77H/94M/DWR1 Scenario
u w -
T T T T T T T T T T
5 10 15 20 25 5 10 15 20 25
Simulated 77H/94H (Base) Scenario Temperature, C Simulated 77H/94H (Base) Scenario Temperature, C
July August
— wn
o~
o
3
u 5 g4
o
3
o
5
u 2 v
o
Q
k=t
El
£ o
u & 9
u w -
T T T T T T T T T T
5 10 15 20 25 5 10 15 20 25
Simulated 77H/94H (Base) Scenario Temperature, C Simulated 77H/94H (Base) Scenario Temperature, C
September October
. w
N
o
¢
u 5 g4
s
3
a
5
u 2 v
o
o
k<t
E]
u £ o |
» =
u w -
T T T T T T T T T T
5 10 15 20 25 5 10 15 20 25

Simulated 77H/94H (Base) Scenario Temperature, C Simulated 77H/94H (Base) Scenario Temperature, C

Figure42: Scattemplot comparisonpy month,of simulatedtemper
atureatthe WAN Forebay
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Figure45: Scattemplot comparisonpy month,of simulatedtemper
atureatthe WANW Fixed Monitor.
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Figure48: Scattemplot comparisonpy month,of simulatedtemper
atureatthe PRD Forebay
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Figure51: Scattemplot comparisonpy month,of simulatedtemper
atureatthe PAQW Fixed Monitor.
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Figure54: Scattemplot comparisonpy month,of simulatedtemper
atureatthe LWG Forebay
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Figure57: Scattemplot comparisonpy month,of simulatedtemper
atureatthe LGNW Fixed Monitor.
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Figure58: Cumulatve frequeng distribution (CFD) plot compari-
son, by month, of simulatedtemperatureat the LGNW

Fixed Monitor.
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Figure60: Scattemplot comparisonpy month,of simulatedtemper
atureatthe LGS Forebay
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Figure63: Scattemplot comparisonpy month,of simulatedtemper
atureatthe LGSW Fixed Monitor.
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Figure64: Cumulatve frequeng distribution (CFD) plot compari-
son, by month, of simulatedtemperatureat the LGSW

Fixed Monitor.
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Figure66: Scattemplot comparisonpy month,of simulatedtemper
atureatthe LMN Forebay
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Figure67: Cumulatve frequeng distribution (CFD) plot compar
ison, by month, of simulatedtemperatureat the LMN
Forebay
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Figure69: Scattemplot comparisonpy month,of simulatedtemper
atureatthe LMNW FixedMonitor.
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Figure70: Cumulatve frequeng distribution (CFD) plot compari-
son, by month, of simulatedtemperatureat the LMNW
Fixed Monitor.
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Figure72: Scattemplot comparisonpy month,of simulatedtemper
atureatthe lHR Forebay
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Figure73: Cumulatve frequeng distribution (CFD) plot compari-
son,by month,of simulatedemperaturatthelHR Fore-

bay.
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Figure75: Scattemplot comparisonpy month,of simulatedtemper
atureatthe IDSW Fixed Monitor.
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Figure76: Cumulatve frequeng distribution (CFD) plot compari-

son, by month, of simulatedtemperatureat the IDSW

Fixed Monitor.
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Figure78: Scattemplot comparisonpy month,of simulatedtemper
atureatthe MCN Forebay
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Figure81: Scattemplot comparisonpy month,of simulatedtemper
atureatthe MCPW Fixed Monitor.
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Figure84: Scattemplot comparisonpy month,of simulatedtemper
atureatthe JDA Forebay
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Figure85: Cumulatve frequeng distribution (CFD) plot compari-
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Figure87: Scattemplot comparisonpy month,of simulatedtemper
atureatthe JHAW Fixed Monitor.
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Fixed Monitor.
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Figure90: Scattemplot comparisonpy month,of simulatedtemper
atureatthe TDA Forebay

96



Fn(x)

Fn(x)

Fn(x)

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.6 0.8

04

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

TDA ForebayTemperature

May June
N - o S
— [
© /
4 @ ’
/
° /
4 S 4 f
) {
= j
g /
-~ <
I s /
/ —— 77H/94M Scenario ~ {
7 4 —— 77H/94M/DWR10 Sceng S 7 |
/[ 77H/94M/DWR11 Sceng 4
| , ol i
o
T T T T T T T T T T
5 10 15 20 25 5 10 15 20 25
Temperature, C Temperature, C
July August
N o
i
Q
4 @
4 o |
o
=
=
w
4 <
y o
/ o
4 / g
8 — 1 T
o
T T T T T T T T T T
5 10 15 20 25 5 10 15 20 25
Temperature, C Temperature, C
September October
=
=
w
T T T T T T T T T T
5 10 15 20 25 5 10 15 20 25
Temperature, C Temperature, C

Figure91: Cumulatve frequeng distribution (CFD) plot compar
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Figure93: Scattemplot comparisonpy month,of simulatedtemper
atureatthe TDDO Fixed Monitor.
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Figure94: Cumulatve frequeng distribution (CFD) plot compari-
son, by month, of simulatedtemperatureat the TDDO
Fixed Monitor.
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Figure96: Scattemplot comparisonpy month,of simulatedtemper
atureatthe BON Forebay
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Figure99: Scattemplot comparisonpy month,of simulatedtemper
atureatthe WRNO Fixed Monitor.
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Figure102: Scatterplot comparisonpy month, of simulatedtem-
peratureatthe CWMW Fixed Monitor.
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Figurel105: Scatterplot comparisonpy month, of simulatedtem-
peratureatthe KLAW Fixed Monitor.
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Figure108: Scatterplot comparisonpy month, of simulatedtem-
peratureatthe WANO FixedMonitor.
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6 ScenarioDischarge Comparisons
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Figure110: Comparisorof simulateddischageatthe PRD Project.
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Figurel11l: Comparisorof simulateddischageatthe DWR Project.
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Figurel112: Comparisorof simulateddischageatthe LWG Project.
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Figure113: Comparisorof simulateddischageatthe LGS Project.
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Figurel14: Comparisorof simulateddischageattheLMN Project.

IHR Project
70000 T T T T T T

60000 [ N\ 1

ol ol |
\\ (/\W\

| | M x
/\' W\f i /\ - /“_

i
20000 —v |l

Wi
| W i ‘luhUH"'”\ M ﬁ"\f“ )

10000 1 1 1 1 \/—\ 1
04-01 05-01 06-01 07-01 08-01 09 01 10-01
1977 1977 1977 1977 1977 1977 1977

77H/94M Scenario 77H/94M/DWR1 Scenario

77H/94M/DWR10 Scenario --------

Figure115: Comparisorof simulateddischageatthe lHR Project.
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Figurel116: Comparisorof simulateddischageattheMCN Project.
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Figurel17: Comparisorof simulateddischage atthe JDA Project.
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Figure118: Comparisorof simulateddischageatthe TDA Project.
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Figure119: Comparisorof simulateddischageatthe BON Project.
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Figure120: Comparisorof simulateddischageatthe WRNO Fixed

Monitor.
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Figurel21: Comparisonof simulated dischage at the CWMW
FixedMonitor.
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A Estimation of Clearwater Main Stem Temperature

In the 1997 conditionsand 77H/94M scenarioswatertemperatureor the Clearwatermain stem
at Orofino and the North Fork Clearwater at Dworshakare assumedo be that obsered at the
USGSSpauldinggagedownstream.This is acceptableinceobsened flows wereusedat both of
thosemodelboundaries.

In other scenariosthe flows usedat the Dworshakmodel boundarydiffer from obsered, and
temperaturesre synthetic,so that using the Spauldingtemperaturesit the Orofino boundaryis
notacceptableln thesescenariosatemperatureecordis estimatedor the Clearwatermain stem
at Orofino usingthe temperaturefrom the USGSgageon the North Fork of the Clearwaternear
Caryon Rangerstation(13340600).The Caryon Rangerstationwasin operationduring1977and
overlapsthe Orofinorecordfrom 1993to 1996(datain hand).

A simplelinear regressionof daily meansat thesetwo stationwas performed. The resultsare
showvn in Figure122. Thedevelopedrelationis

The adjustedcoeficient of determination(r?) of this relationis 0.9876andthe standarderror is
0.79C. Clearvatermainstemtemperaturesstimatedor 1977usingtheabove relationareshovn
in Figure123.
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Figure123: EstimatedClearwatermainstemtemperaturetor 1977.
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C MASSI1Model Schematics
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Figure130: Schematiof MASS1applicationto themid-Columbia.
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